Abstract. The magnetotail is known to serve as a reservoir of energy transferred into the terrestrial magnetosphere from the solar wind. In principle, the stored energy can be dissipated impulsively, as in a substorm, or steadily through the process of steady adiabatic plasma convection. However, some theoretical arguments have suggested that quasi-static adiabatic convection cannot occur throughout the magnetotail because of the structure of the magnetic field. Here we reexamine the question. We show that in a magnetotail of finite width, downtail pressure gradients depend strongly on the ratio of the potential across half the tail to the ion temperature in the far tail (60 RE). For pertinent quiet time ratios (-3), a Tsyganenko quiet-time magnetic field model is consistent with steady convection.
Introduction
Phenomena in the terrestrial magnetosphere can be described by the equations of magnetohydrodynamics if the focus is on length scales large compared with particle gyroradii and time scales long with respect to the periods of particle orbits. For slow, steady state convection, static tail-like configurations would appear to satisfy the conditions required for the MHD approximation other than in a local region near the distant neutral line and in the immediate vicinity of various boundaries. It was, therefore, somewhat unexpected that Erickson and Wolf [1980] found reasons to question whether the earth's magnetotail ever attains a steady state in the presence of slow convection. From analysis of standard models of the magnetic field they concluded that "steady, adiabatic convection probably cannot occur throughout a closed-magnetic-field-line region that extends into a long magnetotail." The significance of this proposal is profound, because if no quasi-static solution exists, substorms or analogous temporal variations would be driven by even rather slow convection in the magnetotail.
We have reexamined the arguments that lead Erickson and Wolf [ 1980; see also Erickson, 1984 Erickson, , 1985 Schindler and Bim, 1982; Hau et al., 1988 ] to question the possibility of a tail stable to slow plasma convection. The analysis relies on a model of the magnetic field to provide the gradient of flux tube volume, a quantity that is ill-constrained by observations. For studies of the quiet tail, we selected a magnetic field model (not available to Erickson and Wolf) valid for low levels of activity [Tsyganenko, 1987] . We show that both the improved field model and corrections for the finite width of the tail modify the results previously obtained. Including corrections for finite tail width which were previously underestimated [Erickson, 1985, hereinafter [Beard, 1979; Olson and Pfitzer, 1974; Voigt, 1981] and with Xo = 60 RE (p is 1 by definition at Xo), they find that p takes the values 3 to 3.5, 4 to 9.5, and 13 to > 200 for x e = 30, 20, and 10 RE, respectively. Adding curvature forces, they find that force balance remains inconsistent with pressures calculated from equation (1).
Since 1980 the concept of a steady state configuration of the magnetotail has been further questioned [Schindler and Bim, 1982; Tsyganenko, 1982; Erickson, 1984 Erickson, , 1985 Hau et al., 1988] . If the convected plasma pressure becomes sufficiently large near 10 RE, a minimum develops in the magnetic field intensity and this could make the system unstable to reconnection. Under such circumstances, a steady state of the slowly convecting plasma seems unlikely.
The arguments summarized above rest on several simplifying assumptions. The most significant are that losses associated with inward convection are negligible and that the tail system can be treated as two dimensional. Losses through strong pitch angle diffusion could reduce the rate of pressure 
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tail distance (Xe) and distance along the normal to the plasma sheet (z) but not on the cross-tail coordinate, y. This means that in the near tail the axially symmetric internal field of the earth is not properly represented and the azimuthal drift of plasma is not accurately modeled, but these may not be critical shortcomings. Beyond about 40 R•., the assumption that pressure may be calculated from source plasma distributions uniform across the tail appears to us to be appropriate. However, in calculating the pressure closer to earth, the finite cross-tail width of the region that contains the source plasma should not be ignored. This is because finite energy plasma necessarily is displaced in y as a result of gradient and curvature drifts; the ydisplacement increases monotonically with inward convection. Assuming that the dawnside low-latitude boundary layer is a negligible source of plasma sheet ions, particles can be assumed to be present at Xe on the midnight meridian only if their drift orbits link them with source regions in the distant tail within the actual tail boundaries in y. Fully two-dimensional treatments that ignore this point overestimate the pressure close to the earth by tacitly assuming that sources in the distant tail are unbounded in y. A quantitative treatment is required to assess the importance of the effect.
We assume the two dimensional magnetic field geometry illustrated in Figure 
Comparison with observations
The variation of pressure with Xe for selected values of x is plotted in Figure 2 . At large distances, the normalized pressures for different tail widths are indistinguishable. Significant differences appear inside of 25 RE where for x > 10, the predicted Poo far exceeds PL and the negligibly small magnetic curvature forces cannot balance the excess plasma pressure. Thus for large •, the question framed by EW-80, whether the tail can maintain steady convection, remains unanswered. For realistic low activity values of x (x = 2.5 to 3.5) Pe,• balances PL within the uncertainty ( say, 30%) in our knowledge of field properties tailward of 20 RE; steady convection should proceed without difficulty. For small x, the pressure of plasma convected from the distant tail is insufficient to balance magnetic pressure, but the missing pressure can be provided by plasma convected from sources ignored in this treatment. As well, the 2-D tail approximation becomes increasingly inadequate near 10 RE.
Discussion and Summary
We have shown that there is little reason to believe that steady convection creates any stress-balance problems in the quiet magnetotail between 30 and 60 RE. Magnetic pressure obtained from fits to the lobe magnetic field balances plasma sheet pressure derived from field models using equations (9) and (10) to within the uncertainties of the fits and the models. Inside of 30 RE we find that the plasma pressure does not become unacceptably large if the finite width of the magnetotail is taken into account and if the critical ratio, x, of the potential drop across half the tail to the source temperature is selected appropriately for quiet times. Large pressures develop in the near tail if x > 10, as is expected at disturbed times. EW-80 and E-85 selected parameters appropriate to disturbed times (x = 14 and 33) and obtained plasma pressures growing so rapidly near 10 RE that they exceeded the magnetic stresses; it seemed unlikely that steady convection could be maintained. We have shown that if x is of order 5 or less, the pressure does not exceed the magnetic pressure by more than 30%, which we believe to be within the uncertainty of the field models. We believe that x < 5 is characteristic of relatively quiet times. The possibility remains [Erickson and Wolf, 1980 ] that for relatively rapid convection or for a very cold plasma source in the distant tail, i.e., for x > 10, unbalanced plasma and magnetic stresses can develop in the near tail and may trigger the onset of substorms.
